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现 PM2.5 排放存在显著的空间异质性；最后运用地理加权回归模型对 PM2.5 排放






























With the rapid progress of China’s economy and society, there leads to a large 
scale of PM2.5 pollution in various provinces and cities across the entire country. 
Because China has vast area, there are significant differences in economic and social 
situation in different regions. Therefore, from regional differences, this dissertation 
investigates the spatial heterogeneity, driving forces and spillover effects of PM2.5 
pollution. The main contents of this dissertation are as follows: 
(1)Chapter 1 states the backgrounds of PM2.5 pollution and concludes domestic and 
foreign literature review, finding main driving forces influencing PM2.5 emissions. 
Besides, this chapter also summarized main research methods and comes up with 
possible innovation points. 
(2)Chapter 2 investigates the spatial heterogeneity of PM2.5 emissions using 
Geographically Weighted Regression Model (GWR). Firstly, this chapter introduces 
the basic theory of GWR and then analyzes the spatial correlation of PM2.5 emissions 
in different provinces, finding that there exists significant spatial heterogeneity of 
PM2.5 emissions. Finally, this Chapter investigates influencing factors of PM2.5 
emissions using GWR and concludes that each factor has different impact on PM2.5 
emissions in different regions. 
(3)Chapter 3 investigates the driving forces of PM2.5 emissions with Nonparametric 
Additive Regression Model. This chapter firstly introduces basic theory of 
Nonparametric Additive Regression Model and then determines model selection 
through panel unit root test, co-integration test and robustness test. Finally, this 
chapter investigates linear and nonlinear effects of influencing factors of PM2.5 
emissions using Nonparametric Additive Regression Model, finding that these factors 
have ―U-shaped‖ or inverted ―U-shaped‖ impact on PM2.5 emissions.  
(4)Chapter 4 investigates the spillover effects of PM2.5 emissions with Spatial Durbin 
Model (SDM). This chapter firstly introduces the basic theory of Spatial Lag Model, 
Spatial Error Model and Spatial Durbin Model. Then, chapter 4 determines the model 
selection through LM test, Robust-LM test, Wald test and LR test. Finally, this chapter 
investigates the spillover effects of influencing factors of PM2.5 emissions using SDM 
under fixed space and time effects, concluding that influencing factors has significant 
spillover effects among regions. 
(5)Chapter 5 concludes the problems in this dissertation and points out the research 
direction in the future. 
 


































济带都不同程度的产生了一定的高 PM2.5 浓度和雾霾天气。大范围 PM2.5 污染的
产生不仅对交通运输，更对居民身体健康产生严重不利影响，引起了公众前所未
有的关注。 































































出煤炭消费量同 PM2.5 存在正相关关系，成为我国 PM2.5 污染的主要原因。杨磊
等（2015）运用 2003—2010 年的煤炭、焦炭、石油和煤油等多种燃料以及 PM2.5
质量浓度数据，构建了不同类别能源消耗对我国人群 PM2.5 暴露水平的随机效应
模型。通过实证研究表明工业焦炭消耗水平对 PM2.5 形成的促进作用最大，对
PM2.5污染的形成产生最大的正向影响。Wang L. (2014) 基于 2012年 12月至 2013
年 1 月河北省邯郸市每日 PM2.5 污染观测值，运用正矩阵分解法（Positive Matrix 
Factorization method, PMF）来分析雾霾天气的主要来源。通过 PMF 法识别出八
个主要因素，并认为煤炭燃烧在所有来源中占 25.9%，成为 PM2.5 最主要的来源。
Yao，et al.（2015）运用正矩阵分解法和潜在源贡献函数（Potential Source 
Contribution Function）分析了黄河三角洲自然保护区 2011 年 1 月至 2011 年 11
月PM2.5浓度值，通过正矩阵分解法得知工业煤炭燃烧成为PM2.5最主要的来源。
Pui D Y H，et al.（2014）探讨了中国 PM2.5 污染的衡量、来源以及缓解办法，认





Qiu，et al.（2016）给予 2012 年 5 月、6 月、9 月和 10 月以及 2012 年 12 月到































0.054%和 1.992%。彭迪云等（2015）以长江经济带中 11 个省市为研究对象，构





产生负向影响关系。Han et al. (2014) 考察了城市 PM2.5 浓度和周边区域，进一
步研究了中国县域内城镇化对城市 PM2.5 浓度的影响。通过研究发现，85 个城市
中 PM2.5 浓度要显著高于周边城市中 PM2.5 浓度，而这些城市主要集中分布在北
京—四川和上海—广西城市带中。同时，在研究中也发现了城市 PM2.5 浓度和城
市人口、城市第二产业比例的正向关系，表明城镇化对 PM2.5 浓度有着重要的影
响。Wang 和 Fang（2015）基于环渤海城市群中新增的 241 个观测点 PM2.5浓度
数据，运用空间数据模型揭示了 PM2.5 及其决定因素的时间和空间特征。研究结
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